The program TOPAZ0 is designed for computing Z 0 parameters, de-convoluted and QED-dressed cross sections and forward-backward asymmetries of e + e − annihilation into fermion pairs and of Bhabha scattering around the Z 0 peak, over both a completely inclusive experimental set-up and a realistic one, i.e. with cuts on acollinearity, energy or invariant mass and angular acceptance of the outgoing fermions. The new version, 2.0, offers the possibility of imposing different experimental cuts on cross sections and forward-backward asymmetries in a single run, and includes radiative corrections whose effect can become relevant in view of the present and foreseen experimental accuracy. Moreover, an additional option is included, which allows an estimate of the theoretical uncertainty due to unknown higher-order effects, both of electroweak and QCD origin. With respect to the version 1.0, the code is available in the form of SUBROUTINE, in order to render more viable the use of the program for aims not planned by the TOPAZ0 package itself. 
theoretical uncertainties.
Nature of physical problem
An accurate theoretical description of e + e − annihilation processes and of Bhabha scattering at the Z 0 resonance is necessary in order to compare theoretical cross sections and asymmetries with the experimental ones as measured by the LEP collaborations. In particular a realistic theoretical description, i.e. a description in which the effects of experimental cuts, such as maximum acollinearity, energy or invariant mass and angular acceptance of the outgoing fermions, are taken into account, allows the comparison of the Minimal Standard Model predictions with experimental raw data, i.e. data corrected for detector efficiency but not for acceptance. The program takes into account all the corrections, pure weak, QED and QCD, which allow for such a realistic theoretical description.
Method of solution
Same as in the original program. A detailed description of the theoretical formulation and of a sample of physical results obtained can be found in [2] .
Reasons for the new version
The new version gives the possibility of computing observables in an experimental set-up with different cuts on cross sections and asymmetries, according to the most recently published LEP data. Radiative corrections whose effect can become relevant in view of the present and foreseen experimental accuracy have been included. An option is added which allows an estimate to be made of the theoretical uncertainty associated with unknown higher-order radiative corrections of electroweak and QCD origin.
Restrictions on the complexity of the problem
The theoretical formulation is specifically worked out for energies around the Z 0 peak. Analytic formulas have been developed for an experimental set-up with symmetrical angular acceptance. Moreover the angular acceptance of the scattered antifermion has been assumed to be larger than the one of the scattered fermion. The prediction for Bhabha scattering is understood to be for the large-angle regime.
Typical running time
Dependent on the required experimental set-up. As evaluator of observables in seven energy points, between 10 (extrapolated set-up) and 270 (realistic set-up) CPU seconds for HP-APOLLO 7000, corresponding to 100-2500 CPU seconds for VAX 6410. As estimator of the theoretical uncertainty, it requires about 5400 CPU seconds for HP-APOLLO 7000, for a single energy point.
Unusual features of the program
Subroutines from the library of mathematical subprograms NAGLIB for the numerical integrations are used in the program.
LONG WRITE-UP 1 Introduction
The high precision reached by the four LEP experiments has motivated several groups in assembling Monte Carlo programs or semi-analytical codes for giving accurate theoretical predictions relevant in the region around the Z 0 peak [1] [2] [3] [4] [5] [6] . As a consequence we have by now several electroweak libraries for radiative corrections at LEP energies. This is a very important fact because, when precision physics is the main goal, continuous cross-checks are needed, especially at the moment when several new effects have been computed, due for instance to QCD corrections or large-m t behaviour [7] .
As it stands TOPAZ0 can be used to compute Z 0 parameters and deconvoluted observables but also to obtain predictions for QED-dressed distributions over a realistic set-up resembling the experimental raw data. The new version, TOPAZ0 2.0, offers improvements both in the direction of computing observables in a realistic set-up according to the selection criteria of the most recently published experimental data and in the direction of taking into account radiative corrections whose effect can become relevant in view of the experimental accuracy reached at present and foreseen for the near future. As far as the first kind of improvements is concerned, TOPAZ0 2.0 allows one to put different cuts on the cross section and the forward-backward asymmetry in a given channel, thus matching the set-up adopted by some of the LEP collaborations. As far as the second kind of improvements is concerned, all recently computed electroweak and QCD corrections are implemented. Moreover, further QED corrections whose size can become comparable with the foreseen experimental accuracy are included.
For the time being, a particularly important item is to estimate the uncertainty intrinsic to the theoretical predictions. For instance as a consequence of the high experimental accuracy reached by the LEP collaborations, the theoretical uncertainty affects the determination of the unknown parameters of the standard model [8] . To this aim, a new feature has been implemented in TOPAZ0, namely the possibility of running the evaluator over several theoretical options, related to different implementations of higher orders in the perturbative expansion. As a result, when choosing the proper branch in TOPAZ0, the code returns an estimate of the theoretical uncertainty of electroweak and QCD origin.
With respect to the previous version, the code has been rearranged in the form of SUBROUTINE, in order to render more viable the use of the program for aims not planned by the TOPAZ0 package itself.
The most important new features
In the following we list and shortly comment the most important modifications of TOPAZ0. They can be classified into three classes.
TECHNICAL MODIFICATIONS
• The present version allows the experimental cuts on cross sections and asymmetries in a given leptonic channel to be treated separately, according to the most recently adopted experimental strategy. To this aim the routines OBSERVABLES and OBSCUT have been updated. For instance the present version allows the computation of an extrapolated cross section and a cut asymmetry in the same run.
• The new flag OTHERR has been included. For OTHERR = Y the evaluator runs over several (2 7 ) theoretical options, which reflect different (but not antithetic) implementations of radiative corrections, leading to a different treatment of missing higher-order terms. For OTHERR = Y the program returns a separate estimate of the weak and QCD uncertainty on the one hand and of the electromagnetic one on the other hand.
• The code has been prepared in the following form of SUBROUTINE: SUBROUTINE TOPAZ0 (NRST,TRS,TZM,TTQM,THM,TALS) where NRST: the number of centre of mass energies TRS: the values of centre of mass energy (GeV) TZM: Z 0 mass (GeV) TTQM: top-quark mass (GeV) THM: Higgs boson mass (GeV) TALS: α s (M Z ) are the basic input parameters. Moreover, the SUBROUTINE TINPUT is provided in order to allow the user to supply the experimental cuts for a given Z 0 decay channel and to select among different theoretical options. The meaning of the latter input parameters/flags is summarized at the beginning of SUBROUTINE TINPUT. In particular, as input/output facility, the flag OMON allows to write down the results for the de-convoluted and realistic observables (OMON = Y), or to store them into appropriate common blocks /TTH, /TPO, /TPWTH (OMON = N). This second choice is supplied for fitting purposes.
THEORETICAL IMPROVEMENTS: PURE WEAK AND QCD CORRECTIONS
An important fact to realize is that there were several new calculations of radiative corrections in the last couple of years: their effect must be understood, classified descriptively, systematized and codified. Here it will only be possible to present a brief summary list of some of these effects:
• By using a dispersion relation the value of α(M Z ) obtained from experimental data is now α(M Z ) = (128.87 ± 0.12) −1 [9] .
• Two-loop heavy top effects in ρ, g V,A (b) for arbitrary values of m H [10] .
• O(αα s ) final state radiation [11] .
• O(αα s ) corrections to vector boson self-energies [12] .
• Complete O(α • O(α s G F m 2 t ) corrections to Γ b , the FJRT effect [14] .
• The O(αα 2 s ) correction to ρ [15] .
To illustrate the numerical relevance of those effects included in our electroweak library we can compare the peak cross sections and the forwardbackward asymmetries for µ, τ and hadronic channels in a fully extrapolated set-up and for the same input parameters as used in [6] (see table 1 • The exact O(α) initial-final state interference (including hard bremsstrahlung) has been added for the leptonic channels as follows. The soft and virtual contribution has been included as a 1-dimensional spectrum (dσ/d cos ϑ, ϑ being the fermion scattering angle), taken from [16] and numerically integrated over the forward and backward hemispheres to build the correction to the cross section and the asymmetry. For the hard bremmstrahlung contribution, the 5-dimensional spectrum quoted in [17] has been worked out analytically to obtain a twofold distribution (dσ/d cos ϑdE γ , E γ being the photon energy) and then numerically integrated as above. The analytical work performed on the hard photon part allows the computation of the interference correction with no substantial change in CPU time. The inclusion of the interference contribution is controlled, for each energy point, by a new flag ONIF. For ONIF = Y, the new subroutine IFINT is called and the correction to the cross section and the asymmetry is returned after calling FUNSUBS and FUNSUBH for the soft and hard contribution, respectively. It should be pointed out that the treatment of the intial-final state interference is exact for s−channel annihilation but approximate for full Bhabha scattering.
• The O(α 2 ) leptonic and hadronic contribution from initial-state radiation according to [18] has been included as follows. The soft and virtual contributions are computed using the analytical formula given in [18] . For the hard contribution, the 1-dimensional spectrum of [18] has been integrated numerically. The total relative contribution to the cross sections in the hadronic and leptonic channels is returned for each energy point (for ONP = Y) after a call to subroutine PAIRS, which in turn calls the subroutines FUNSUBE, FUNSUBMU and FUNSUBHP, for e, µ and h O(α 2 ) hard contributions respectively. 
